and Fibich (2007) have been recently reviewed the present status of self-focusing, including the ring formation in Gaussian and super-Gaussian beams. Paraxial ray theory is based on the expansion of the eikonal and nonlinear dielectric constant up to square term r 2 , where r is the distance from the axis of beam. The theory qualitatively agree well with experimental observations. Thus, the conventional theories like PRA based on near axis approximation, where eikonal is expanded upto only first power in r 2 , cannot account for changing radial profile of the laser beam from initial Gaussian to that of ring. Particularly, if the initial intensity is sufficiently larger than the threshold, then near axis approximation fails after some distance of propagation when intensity has fallen due to defocusing. This premise has been recently applied by Liu & Tripathi (2000) to investigate the ring formation in tunnel ionization of a gas by a laser beam.
RELATIVISTIC SELF-FOCUSING OF SUPER-GAUSSIAN LASER BEAM IN
With the availability of superintense laser pulse, the laser-plasma-interactions has undergone a paradigm shift. The electron oscillatory velocity at high laser intensity approaches the velocity of light and we enter a regime when relativistic effects are of paramount importance. The situation is more relevant in the fast ignition schemes of laser driven fusion. In such case, long laser pulse converts the pellet into plasma ball, heats the coronal region and compresses the core to a superdense plasma. Propagation of intense laser in such plasma involves the relativistic mass effect and plasma frequency is lowered falling below the laser frequency, consequently making the plasma transparent. Sharma (1978)) studied the steady self-focusing in plasma immersed in a uniform magnetic field perpendicular to the direction of wave propagation. The extent of self-focusing increases as the magnetic field increases. Gurevich (1978)) developed an elegant formulism of self-focusing/defocusing of radio waves in the ionosphere in the presence of earth's magnetic field where ohmic nonlinearities and collisional effects play a vital role. Akhmanov et al. (1968) ) showed that the azimuthal magnetic field has a focusing effect on rays in the plane of laser polarization. In the present investigation, author has studied evolution of super-Gaussian laser beam in a plasma transverse to magnetic field when relativistic nonlinearity is taken into account using higher order paraxial ray theory. The laser beam propagates in the extraordinary x-mode with super-Gaussian distribution of intensity in one transverse dimension and focuses in a periodic manner on the distance of propagation.
The magnetic field introduces a cyclotron resonance effect in electron dynamics and is expected to enhance relativistic nonlinearity, and hence self-focusing.
In this investigation, an expression for the nonlinear permittivity tensor is derived. The equation for beam width parameter f using higher order paraxial ray theory is obtained. Further, author has studied the self-trapped mode.
RELATIVISTIC SELF-FOCUSING OF SUPER-GAUSSIAN LASER BEAM IN A PLASMA WITH TRANSVERSE MAGNETIC FIELD

Nonlinear permittivity tensor
Consider a uniform plasma of equilibrium electron density n 0 0 immersed in a magnetic field B s ŷ. An intense laser beam propagates through it along thê z-direction,
where A =xA x +ẑA z . The response of plasma electrons is governed by the relativistic equation of motion,
where −e and m are the electronic charge and rest mass, c is the velocity of light in vacuum and γ is the Lorentz factor. For ω frequency response, this equation reduces to
where ω c0 = e B s /mc and
2 After a straightforward mathematical manipulation, we arrive at:
where
In the propagation of extraordinary mode, we need
where ǫ± = ǫ zz ± ιǫ zx . We may write: 
(6.10)
Basic formulation
The wave equation governing the electric field of the laser is:
Consider the solution of the above equation of the form:
where A 0 (r, z) is the complex amplitude of the electric field.
Particularly, we have chosen extraordinary mode for the beam propagation as ǫ 0 should be positive for plasma to act as an overdense medium.
Substituting Eq. (6.13) in Eq. (6.12) and neglecting
∂z 2 (assuming A to be slowly varying function of z), one obtains
The complex amplitude A 0 (r, z) may be expressed as:
where S is called the eikonal.
Substituting Eq. (6.15) in Eq. (6.14), we obtain the following two equations: As the effective dielectric constant is given by:
Substituting the value of EE * from Eq. , one obtains the dielectric function appearing in the Eq. (6.18), where
Self-trapped mode
For an initially plane wave front, 
Discussion
The Eqs. (6.22,6 .27) and Eq. (6.28) are nonlinearly coupled ordinary second order differential equations governing evolution of a 2 , normalized beam width parameter, f and S 4 as a function of dimensionless distance of propagation, η.
Analytical solutions to these equations are not possible. We therefore, seek numerical computational techniques to study beam dynamics. The solution for self-focusing can be obtained by analysing the equations numerically subjected to the following initial conditions f = 1, df dη = 0, S 4 =0 and a 2 = 0, at η = 0. For the paraxial theory of ring formation to be valid, the following inequality to be satisfied:
1 < a 2 < 1.27 for bright ring −1.47 < a 2 < −0.76 for dark ring In Figure 6 .1, the plot of normalized beam width parameter, f as a function of η is displayed when relativistic nonlinearity is considered for the following set of parameters: at all values of g in Figure 6 .3 and the minimum point is lower for higher values of g (dark ring). However, defocusing of the laser beam is observed at all values of g as displayed in Figure 6 .4 (bright ring). Self-focusing length decreases as the value of magnetic field increases in both dark and bright rings. 
